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were	 isolated	 using	 validated	 surface	 sterilization	 techniques,	 followed	by	 pheno‐
typic	and	genotypic	profiles	of	the	isolates.	Crude	extracts	were	extracted	from	the	
endophytes	using	ethyl	acetate,	while	methanol:dichloromethane	(1:1)	was	used	to	





louiae,	Pseudomonas moraviensis,	Pseudomonas	sp.,	Rahnella aquatilis,	Bacillus cereus,	
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1  | INTRODUC TION
Crinum macowanii	 Baker,	 from	 the	Amaryllidaceae	 family,	 is	 a	 bul‐
bous	plant	which	has	been	used	traditionally	to	treat	a	number	of	

















tive	 natural	 compounds,	 as	 they	 can	mimic	 the	 chemistry	 of	 their	
respective	host	plants	and	biosynthesize	almost	 identical	bioactive	
natural	products,	or	even	derivatives	which	can	be	more	bioactive	








example,	 antibiotic	 resistance	 (Menpara	&	Chanda,	 2013;	Tidke	 et	
al.,	2017).
While	 fungal	 endophytes	 are	 a	 source	 of	 attention	 in	 most	
studies,	 bacterial	 endophytes	 are	 less	 explored	due	 to	 the	 small	
yield	recoveries	of	crude	extracts	(Brader	et	al.,	2014).	Ek‐Ramos	
et	 al.	 (2019)	 has	 reported	 that	 metabolites	 produced	 by	 endo‐
phytic microorganisms' act as antimicrobial and anticancer agents 
against	human,	animal,	and	plant	pathogens	and	display	significant	
potential	in	medical	and	veterinary	treatments.	With	this	in	mind,	








National	 Botanical	 Garden	 (Roodepoort,	 Gauteng,	 South	 Africa,	




2.2 | Isolation of endophytic bacteria
The	bulbs	were	surface	sterilized	separately	using	the	method	de‐
scribed	by	Jasim,	Joseph,	John,	Mathew,	and	Radhakrishnan	(2014)	





ethanol were removed by rinsing with sterile distilled water 5 times. 
The	sample	was	then	treated	with	1%	sodium	hypochlorite	(NaClO)	
for	 10	min	 and	 again	 rinsed	 five	 times	with	 sterile	 distilled	water.	
The	last	rinse	was	used	as	a	control,	and	100	µl	of	this	was	plated	on	
potato	dextrose	agar	(PDA;	HiMedia)	and	nutrient	agar	(NA;	Oxoid).	
The	 sample	 was	 then	 macerated	 in	 sterilized	 phosphate‐buffered	
saline	 (PBS),	 with	 the	 outer	 surface	 trimmed	 out.	 The	 macerated	
sample	 was	 serially	 diluted	 up	 to	 10–3	 dilution,	 and	 each	 dilution	




indicating	poor	 sterilization.	Under	 such	 circumstances,	 the	plates	










stain	 slides	 were	 observed	 using	 a	 compound	 bright‐field	 micro‐
scope	(OLYMPUS	CH20BIMF200)	with	1,000×	magnification.
2.4 | Molecular identification
2.4.1 | Genomic DNA extraction, polymerase chain 
reaction, and sequencing
DNA	extraction	was	done	using	a	ZR	Fungal/Bacterial	Kit™	(Zymo	
Research,	 catalog	 no.	 R2014)	 according	 to	 the	manufacturer's	 in‐
structions.	 Polymerase	 chain	 reaction	 (PCR)	 was	 done	 to	 amplify	
the	16S	 rRNA	gene	of	 each	bacterial	 endophyte	with	 the	primers	
16S‐27F:	 5′‐AGAGTTTGATCMTGGCTCAG‐3′	 and	 16S‐1492R:	
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5′‐CGGTTACCTTGTTACGACTT‐3′,	 using	 DreamTaq™	 DNA	 poly‐
merase	 (Thermo	 Scientific™).	 PCR	 products	 were	 gel	 extracted	
(Zymo	 Research,	 Zymoclean™	 Gel	 DNA	 Recovery	 Kit),	 and	 se‐
quenced	in	the	forward	and	reverse	directions	on	the	ABI	PRISM™	
3500xl	 Genetic	 Analyser.	 The	 sequencing	 was	 performed	 at	
Inqaba	 Biotechnical	 Industries	 (Pty)	 Ltd.	 The	 PCR	 products	 were	
cleaned	 with	 ExoSAP‐it™	 following	 the	 manufacturer's	 recom‐
mendations.	Purified	 sequencing	products	 (Zymo	Research,	ZR‐96	




The	 obtained	 sequences	 were	 screened	 for	 chimeras	 using	
DECIPHER23	and	 subjected	 to	BLAST	analysis	using	 the	National	


















2.6 | Extraction of crude extracts from 
C. macowanii bulbs
Crinum macowanii	 bulbs	were	washed,	 chopped	 into	 small	 pieces,	
and	 air‐dried	 at	 room	 temperature.	 The	 dried	 plant	 material	 was	
blended	 into	a	 fine	powder	using	a	commercial	blender.	Crude	ex‐
tracts	 were	 obtained	 according	 to	 Yadav	 and	 Agarwala	 (2011).	
Briefly,	150	g	of	the	prepared	plant	material	was	mixed	with	2	L	of	










one	 of	 the	 endophytic	 bacterium	 as	 listed	 in	 Table	 1	 and	 shaken	






was	 concentrated	 using	 a	 rotary	 evaporator,	 and	 a	 dark	 yellowish	




each	phase	collected	 in	a	conical	 flask.	This	process	was	 repeated	
until	 the	dark	yellowish	viscous	 liquid	obtained	after	removing	the	










MF943224 99 −	rod Faint	yellow,	viscid,	circular
TES	01E Pseudomonas 
moraviensis
MF943225 100 −	rod Faint	yellow,	mucoid,	circular
TES	01F Pseudomonas sp. MF943226 88 −	rod Cream	white,	mucoid,	circular
TES	03A Rahnella aquatilis MF943229 99 −	rod Cream	white,	pasty,	rhizoid
TES	03B Bacillus cereus MF943230 99 + rod Cream	white,	moist,	rhizoid
TES	03C Bacillus cereus MF943231 99 + rod Cream	white,	moist,	rhizoid
TES	04A Novosphingobium sp. MF943232 99 −	rod Cream	white,	viscid,	circular
TES	09B Rahnella aquatilis MF943238 99 −	rod Pale	yellow,	viscid,	circular
TES	11A Raoultella 
ornithinolytica
MF943240 99 −	rod Cream	white,	mucoid,	filamentous
TES	12A Burkholderia tropica MF943241 98 −	rods Pale	yellow,	viscid,	circular
TES	13A Rahnella aquatilis MF943242 100 −	rods Pale	white,	rugose,	filamentous
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acetone	became	a	 very	 light‐yellow	 liquid.	 The	 ethyl	 acetate	 frac‐
tion	was	evaporated	using	a	 rotary	evaporator,	and	the	brown	ex‐
tract	obtained	was	stored	in	an	amber	bottle	in	a	cool	dry	place	until	




2.8 | Antibacterial analysis of Crinum macowanii 
bulb crude extracts and endophytic bacterial crude 
secondary metabolite extracts
Microserial	 dilution	 was	 used	 to	 check	 for	 the	 minimum	 inhibi‐
tion	 concentration	 (MIC)	 of	 the	 samples	 to	 specific	 pathogenic	
bacterial	 species,	 namely	 Bacillus cereus	 (ATCC10876),	 Bacillus 
subtilis	 (ATCC19659),	 Streptococcus epidermidis	 (ATCC14990),	
Staphylococcus aureus	 (ATCC25923),	 Mycobacterium smegmatis 
(ATCC21293),	 Mycobacterium marinum	 (ATCC927),	 Enterobacter 
aerogenes	 (ATTC13048),	 Escherichia coli	 (ATCC10536),	 Klebsiella 
pneumonia	(ATCC10031),	Proteus vulgaris	(ATCC	33420),	and	Proteus 
aeruginosa	 (ATCC10145).	 This	 was	 done	 following	 a	 method	 de‐
scribed	 by	 Andrews	 (2001)	 and	 Sebola,	 Ndinteh,	 Niemann,	 and	
Mavumengwana	 (2016).	 The	 antibiotic	 streptomycin	 was	 used	 as	










































cinoma)	 cells	 were	 grown	 using	 normal	 tissue	 culture	 techniques	
using	Dulbecco's	modified	Eagle	medium	(Merk)	supplemented	with	
15%	 fetal	 bovine	 serum	 (FBS;	Merck).	 The	 cells	 (1	 ×	 105	 cells/ml)	
were	 incubated	 in	96‐well	plates	at	37°C	overnight,	with	 the	sub‐
sequent	addition	of	the	crude	bulb	extracts	and	crude	endophytic	














3.1 | Isolation of endophytic bacteria
From	 the	C. macowanii	 bulbs,	 a	 total	 of	 eleven	 endophytic	 bacte‐
ria were isolated. As the control plates did not reveal any bacterial 
growth,	 it	 was	 concluded	 that	 the	 isolates	 reported	 were	 endo‐
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3.2 | Phylogenetic analysis
The	 BLAST	 search	 of	 the	 16S	 rRNA	 gene	 sequences	 resulted	 in	
varying	 bacterial	 genera;	 the	 isolates	 were	 classified	 as	 seven	
genera,	 namely	 Acinetobacter,	 Pseudomonas,	 Rahnella,	 Bacillus,	
Novosphingobium,	Raoultella,	and	Burkholderia	(Figure	1).
3.3 | Antibacterial evaluation of Crinum macowanii 
bulb and bacterial endophyte crude extracts
The	 lowest	 MIC	 (0.125	 mg/ml)	 was	 observed	 mostly	 from	
Pseudomonas	sp.	crude	extract	against	B. subtilis,	S. epidermidis,	and	
M. marinum.	The	crude	extracts	of	most	of	the	endophytes	showed	






Acinetobacter guillouiae	 extract	 T3	 also	 showed	 promising	 ac‐











Eleven	bacterial	strains	were	isolated	from	C. macowanii in this 







Burkholderia,	Enterobacter,	Pantoea,	and	Agrobacterium are the most 
predominant endophytes in medicinal plants.





MF943230 Bacillus cereus strain TES03B
MF351827 Bacillus cereus strain BAB-6967
MF943231 Bacillus cereus strain TES03C
MF943232 Novosphingobium sp. strain TES04A
AB461710 Novosphingobium sp. strain M234
MF943241 Paraburkholderia tropica strain TES12A
HQ023272 Burkholderia tropica strain CACua-100 
MF943224 Acinetobacter guillouiae strain TES01C
KJ147068 Acinetobacter guillouiae isolate OTU-b62
KY742758 Pseudomonas sp. strain 6.12.3
MF943226 Pseudomonas sp. strain TES01F
MF943225 Pseudomonas moraviensis strain TES01E
LN714047 Pseudomonas moraviensis strain Cc-2
MF943240 Raoultella ornithinolytica strain TES11A
JX860521 Rahnella aquatilis strain S T MRS 14
MF943242 Rahnella aquatilis strain TES13A
MF943238 Rahnella aquatilis strain TES09B
MF943229 Rahnella aquatilis strain TES03A
JX860521 Rahnella aquatilis strain S T MRS 14 
KU605236 Rahnella aquatilis strain IHB B 14970 
CP010557 Raoultella ornithinolytica strain S12
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The	use	of	16S	rDNA	gene	sequence	revealed	that	the	isolated	
endophytes	belong	to	diverse	bacterial	groups,	namely	the	genera	
Pseudomonas,	 Bacillus,	 Acinetobacter,	 Rahnella,	 Novosphingobium,	
Raoultella,	 and	 Burkholderia.	 Our	 results	 support	 the	 findings	 of	
Menpara	and	Chanda	 (2013)	and	Rhoden	et	al.	 (2015),	who	found	
Bacillus and Pseudomonas	 to	 be	 the	 most	 frequently	 isolated	 en‐
dophytes	 in	 medicinal	 plants.	 Sequence	 identity	 of	 two	 of	 our	
isolates	 (TES03B	 and	 TES03C)	 showed	 100%	 similarity	 to	 B. ce‐
reus	 BAB‐6967,	 while	 TES01E	 and	 TES01F	 were	 similar	 to	 the	
Pseudomonas	 strain	 6.12.3.	 Burkholderia tropica endophytes have 
been	useful	in	nitrogen	fixation	and	thus	increase	plant	nutrient	avail‐
ability	(Tenorio‐salgado,	Tinoco,	Vazquez‐duhalt,	Caballero‐mellado,	
&	Perez‐rueda,	 2013).	Mercado‐blanco	 and	 Lugtenberg	 (2014)	 re‐
ported that Rahnella aquaqtilis	 endophytes	 stimulate	 plant	 growth	
of	cereals	and	radishes,	whereas	endophytic	Pseudomonas spp. have 
been	 used	 as	 biocontrols	 of	 different	 phytopathogens	 (Mercado‐
blanco	&	 Lugtenberg,	 2014).	 Endophytic	Novosphingobium sp. has 
been	reported	to	grow	in	rice	plants	and	promotes	the	growth	of	rice	
(Rangjaroen	et	al.,	2017).	To	the	best	of	our	knowledge,	A. guillouiae,	
Novosphingobium	sp.,	B. tropica,	and	R. aquaqtilis have not been re‐
ported in C. macowanii	bulbs	prior	to	this	study.
Crinum macowanii	 bulbs	 have	 been	 used	 to	 treat	 diseases	 or	
ailments	 caused	by	bacteria	 (Maroyi,	 2016).	Rabe	and	Van	Staden	
(1997)	tested	methanol	extracts	of	C. macowanii	bulbs	on	a	number	
of	 bacteria	 such	 as	E. coli,	K. pneumoniae,	S. aureus,	 and	S. epider‐
midis	 and	observed	no	 antibacterial	 activities.	 Sebola	 et	 al.	 (2016)	
reported	the	inhibition	of	B. cereus,	M. smegmatis,	and	S. epidermidis 
at	0.5	mg/ml,	 0.125	mg/ml,	 and	0.0625	mg/ml,	 respectively,	 from	
methanol/dichloromethane	(1:1,	v/v)	crude	extracts	of	the	bulb.	The	
results	 obtained	 in	 this	 study	 indicate	 the	 inhibition	 of	 B. cereus,	
S. epidermidis,	and	M. smegmatis	at	0.500	mg/ml,	0.125	mg/ml,	and	
0.500	mg/ml,	respectively,	which	concur	with	the	previous	study	of	
Sebola	et	al.	 (2016).	 Inhibition	greater	than	16	mg/ml,	observed	 in	




as	 increased	 resistance	 to	disease	 and	 induced	growth	 (Rodriguez	
et	al.,	2009).
Endophytic	bacteria	have	been	reported	to	produce	a	number	of	
secondary	 metabolites	 such	 as	 alkaloids,	 steroids,	 terpenoids,	 pep‐
tides,	 and	 flavonoids	 with	 antibacterial,	 antifungal,	 and	 cytotoxic	




served	 for	K. pneumonia,	E. coli,	 and	P. aeruginosa at concentrations 
of	0.500	mg/ml,	0.500	mg/ml,	and	0.250	mg/ml,	respectively.	To	the	
best	of	our	knowledge,	this	study	is	the	first	to	report	on	the	extraction	
of	crude	extract	from	R. ornithinolytica,	A. guillouiae,	Rahnella aquatilis,	
and Novosphingobium sp. endophytes and their antibacterial activity. 
The	 results	 show	 promising	 antibacterial	 activity,	 as	 crude	 extracts	
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properties	(Zonyane,	Makunga,	&	Vuuren,	2013).	Crude	extracts	from	
B. cereus	showed	MIC	values	of	between	1	and	16	mg/ml,	inhibiting	
K. pneumonia	at	1	mg/ml.	Crude	extract	from	B. cereus has been re‐
ported	to	possess	antibacterial	activity	against	a	wide	range	of	patho‐
genic	microbes	such	as	E. coli and K. pneumoniae	(Kumar,	Thippeswamy,	
&	Shivakumar,	2013).	This	supports	the	findings	in	this	study.
Pseudomonas moraviensis	 crude	 extract	 showed	MIC	 values	 of	
between	0.125	and	>16	mg/ml.	The	crude	extract	showed	activity	




values	 of	 >16	mg/ml	 (highest	 tested	 concentration).	 Pseudomonas 
moraviensis has been reported to possess antibacterial proteins 
and	 peptides	 such	 as	 bacteriocins	 (Ghequire	 &	 De	 Mot,	 2014).	
Pseudomonas	spp.	have	a	significant	metabolic	potential	due	to	ge‐
netic	 loci	 encoding	 secondary	 metabolites	 (Davis,	 2017;	 Gross	 &	
Loper,	 2009;	 Silby,	 Winstanley,	 Godfrey,	 Levy,	 &	 Jackson,	 2011).	





Rahnella aquatilis	 crude	 extract	 had	 MIC	 values	 ranging	 be‐
tween	0.125	 and	>16	mg/ml.	Staphylococcus aureus was inhibited 
at	0.125	mg/ml.	El‐Hendawy,	Osman,	and	Sorour	 (2003)	reported	
that R. aquatilis	 strains	 obtained	 from	 soil	 were	 able	 to	 produce	
bacteriocin,	which	inhibited	culture	of	different	Gram‐positive	and	
Gram‐negative	 bacteria.	 Novosphingobium	 sp.	 crude	 extract	 had	
MIC	values	ranging	from	1	to	>16	mg/ml,	showing	a	lack	of	activity	
F I G U R E  2  Cytotoxic	activity	of	endophytic‐derived	crude	extracts	and	bulb	crude	extracts	on	A549	lung	carcinoma	cells	tested	
at	different	concentrations	ranging	from	100	to	3.13	µg/ml.	The	positive	control	used	was	auranofin.	T1	=	Crinum macowanii	bulbs,	















T1 T2 T3 T4 T5 T6 T7 T8 T9 Posive
control
A549 Lung carcinoma cells
100 µg/ml 50.0 µg/ml 25.0 µg/ml 12.5 µg/ml 6.25 µg/ml 3.13 µg/ml
Crude extracts from C. macowanii bulb and endophytes
F I G U R E  3  Cytotoxic	activity	of	endophytic‐derived	crude	extracts	and	bulb	crude	extracts	on	UMG87	glioblastoma	cells	tested	
at	different	concentrations	ranging	from	100	to	3.13	µg/ml.	The	positive	control	used	was	auranofin.	T1	=	Crinum macowanii	bulbs,	







T1 T2 T3 T4 T5 T6 T7 T8 T9 Posive
control
U87MG Glioblastoma cells









Crude extracts from C. macowanii bulb and endophytes
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against the tested organisms. Burkholderia tropica	 crude	 extract	
had	MIC	values	ranging	from	0.250	to	>16	mg/ml.	Bacillus subtilis 
was inhibited at 0.250 mg/ml. Mycobacterium marinum,	E. coli,	and	
K. pneumonia	 had	MIC	 values	 of	 >16	mg/ml,	 which	 was	 deemed	
noninhibitory. Burkholderia	 showing	 biocontrol	 and	 plant	 growth‐




to	 the	 difference	 in	 the	 cell	 walls	 of	 both	 groups	 of	 bacteria,	 as	
Gram‐negative	bacteria	are	known	to	be	resistant	 to	most	antibi‐
otics	due	to	their	outer	membrane,	which	tends	to	expel	antibiotics	






clinical	 trials	or	being	used	 in	therapeutic	applications.	Crinum ma‐
cowanii	bulb	crude	extract	T18	showed	a	cell	viability	of	above	80%	
against	A549	lung	carcinoma,	and	an	above	100%	cell	viability	was	
observed	on	UMG87	glioblastoma	 cell	 lines	 for	 all	 the	 concentra‐





Acinetobacter guillouiae	 crude	 extract	 showed	 notable	 ac‐
tivity	 on	UMG87	 glioblastoma	 cell	 lines,	with	 58%	 cell	 death	 at	
6.25	 µg/ml.	 However,	 increased	 concentrations	 of	 A. guillouiae 
crude	 extract	 showed	 an	 increase	 in	 cell	 viability.	 The	 extracts	
had	 a	 lower	 cell	 viability	 compared	 to	 that	 of	 the	 positive	 con‐
trol at this concentration. Acinetobacter sp. are known to contain 
amine	compounds	reported	to	have	higher	tumor	toxicity	against	
human	 oral	 squamous	 cell	 carcinoma	 (Arora,	 2015;	 Shimada	 et	
al.,	2014).	Those	amines	could	be	responsible	for	the	activity	ob‐
















glioblastoma cell in response to the R. aquatilis	 crude	 extract.	
However,	UMG87	glioblastoma	cell	lines	are	known	to	undergo	hy‐
poxia,	resulting	in	metabolic	abnormalities	such	as	increased	uptake	
of	 glucose	 and	 acid	 resistance;	 this	 increased	 glucose	 uptake	 and	









A	 diverse	 microbial	 community	 was	 isolated	 from	 C. macowanii 
bulbs,	with	notable	 inhibitory	 activities	 against	Gram‐positive	 and	
Gram‐negative	bacterial	species.	From	these	results,	it	can	be	con‐
cluded	that	endophytic‐derived	crude	extracts	isolated	from	medici‐
nal plant C. macowanii	bulbs	produce	potential	bioactive	compounds	
which	should	be	explored	further	for	their	biological	activities.
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